Farmers' subjective perceptions of climatic changes are not always in line with historic climate observations. Adaptation decisions based on these perceptions thus remain controversial. The paper therefore relates to the following questions: First, what are farmers' perceptions of climatic changes? Second, do they correlate with observations from climatic data? Third, how do farmers respond and what are the factors determining adaptation? The analysis is based on household survey data from a sample of 900 farmers in rural Tanzania and secondary data from local meteorological stations. We find that farmers' perception of a rising average temperature over time is generally confirmed. This is not the case for rainfall: farmers perceive that annual rainfall amount decreased, while climate data rather shows no change in the amount, but indicates a change in the rainfall pattern. However, we do find only a weak link between farmers' perception and their behavior. Although farmers perceive climatic changes to happen and to affect them, some choose to not adapt at all and many only react in an evasive way, i.e., by coping measures that will not protect their household from future damage. Only a small share of farmers chose investment-intensive long-term strategies such as irrigation systems. Results confirm that a limited adaptive capacity plays a role, but also reveal the intention to adapt as a relevant factor. This is represented by the farmers' loss experience due to climatic shocks and personality traits. This approach gives a more complete picture of the farmers' adaptation decision.
Introduction
The adverse impacts of climate change on the agricultural sector are widely recognized by scientists and policymakers. Globally, the changing climate has been reflected in a gradual increase in the average temperature. This change in temperature has already altered precipitation patterns in some regions towards more dry spells and a higher intensity of extreme precipitation events (IPCC 2014; Trenberth 2011) .
Tanzania is among the countries already suffering from climate variability and from an accumulation of extreme and recurring climate-related events, such as droughts and heavy rainfall leading to floods (URT 2012) . Approximately 75% of the Tanzanian population depends economically on the agricultural sector. Production is mainly rain-fed and smallscale; therefore, farmers are highly vulnerable to yield variations resulting from climate-related shocks (URT 2012) . The Tanzanian government elaborated a climate action plan submitted to the UN Framework Convention on Climate Change (UNFCCC) in Paris in 2015 (UNFCCC 2015) . The plan refers to the intended nationally determined contributions (INDCs), according to which a country sets its own priorities relating to climate change adaptation and mitigation. One of the principles of INDC implementation relates to the fact that it is voluntary and participatory. On one hand, the INDCs clarify for all parties how a country intends to contribute to the overall reduction of GHG emissions. On the other hand, the INDCs identify how people in affected areas can be better prepared for these adverse impacts. The aim is thus to contribute to the adaptive capacity of those affected. Meanwhile, the Paris climate agreement was signed in 2016 and ratified in April 2018 by the Tanzanian government (Daily News 2018), transforming INDCs into nationally determined contributions (NDCs) (AFDB 2015) .
There is already a vast amount of literature on how farmers respond to climate change based on their perceptions of rainfall and temperature patterns. However, these perceptions are not always confirmed by observed or modeled climate data and may be contradictory. Climate observations showing an increasing average temperature confirm farmers' perceptions in studies of Uganda and Kenya (Osbahr et al. 2011; Rao et al. 2011) . Changes in precipitation levels or distributions are considered more controversial. Regarding uncertainties in climate projections, trends and extents of temperature increase are considered very certain while they are more uncertain in the case of precipitation. For instance, for Malawi, Kenya, and Ethiopia, studies have shown that farmers' perceptions of precipitation change do not correspond with climatic observations (Sutcliffe et al. 2016; Rao et al. 2011; Meze-Hausken 2004) . Other studies have shown that farmers are biased and tend to overemphasize negative events or confound negative experiences such as yield losses with climatic events (Rao et al. 2011; Osbahr et al. 2011 ).
The validation of farmers' perceptions is especially relevant, as their perceptions may influence their adaptation behaviors. It can help to understand farmers' perceptions of risk and climatic shocks related to uncertainty in agricultural production and thus to understand the choices they make in terms of crop management or income diversification. The objective of this paper is thus to understand adaptation behavior, and specifically the link, between perception and adaptation. This is unlike most studies, which emphasize perceptions of climatic changes and their deviation from climatic observations (Meze-Hausken 2004; Rao et al. 2011; Osbahr et al. 2011) . Others stress the link between perceptions and the adoption of a specific strategy (Sutcliffe et al. 2016 ). This study is intended to show that perceptions of climatic changes are important but do not necessarily lead to adaptation. The analysis is focused on determining whether farmers who perceive climatic changes choose not to adapt not only due to limited adaptive capacity, i.e., a lack of resources or knowledge, but also due to factors related to experience and personality. Therefore, the analysis is based on three questions. First, what are farmers' perceptions of climatic changes, especially with regard to precipitation and temperature? Second, do these perceptions correlate with observations drawn from climatic data? Third, how do farmers respond and what drives adaptation choices? Thus far, few studies focused on climate change adaptation have analyzed the importance of adaptive capacity in combination with the potential influence of psychological factors and loss experiences on the farmer's decision-making process. Researchers and policymakers who intend to introduce, improve, or evaluate agricultural innovations should consider these factors for successful implementation or evaluation (Grothmann and Patt 2005) .
The results of this paper are based on household survey data collected on 900 subsistence farmers who were interviewed in 2014 and 2016. The questionnaire covers the farmers' perceptions of climatic changes and their responses regarding how they have reacted to perceived climatic changes, if at all. The farmers' subjective perceptions are validated using historic climate data of the Tanzanian Meteorological Agency (TMA) pertaining to these study regions. The farmers' (non-)adaptive behaviors are analyzed within a conceptual framework adapted from Grothmann and Patt (2005) using a logistic regression approach.
Theoretical framework
The framework for adaptation to climatic change introduced by Grothmann and Patt (2005) describes the decision-making process explaining why some people show adaptive behavior while others do not despite perceiving climatic changes ( Fig. 1) .
Importantly, adaptation is not only influenced by a farmer's perception of climatic changes, as perceptions are not necessarily founded strictly on experience but can also be grounded on news media (radio or newspaper) or on public officials' reports on the potential threats of climatic changes (Elum et al. 2017) . Decisions are also made based on (1) a risk appraisal, i.e., farmers' judgments regarding how strongly or often one's own farm is being or will be affected; and (2) an adaptation appraisal, where the farmer takes their adaptive capacity into account. For risk appraisals, farmers' judgments of climate change-related damages have an important effect on whether to adapt. This mainly depends on past damages experienced as a Grothmann and Patt (2005) result of climatic shocks. When the experienced damages have been very severe and/or very frequent, farmers expect to experience severe and/or frequent damages in the future. All else equal, those who perceive themselves to be more affected by climate change are expected to more readily adapt. Given a low risk appraisal, farmers would rather not adapt, which can result either in no response to climatic changes or in coping strategies. The IPCC stresses the use of a conservative definition of adaptation by highlighting the importance of differentiating between coping and adaptation to climate change. Coping is defined as a way of responding to an experienced impact with a shorter term vision (e.g., one season) while adaptation refers to the process of adjusting to change (both experienced and expected), which has a longer term focus (e.g., over a decade or longer) (IPCC 2014). Evasive responses thus involve not responding at all or responding with short-term strategies that do not prevent future monetary or physical damage. Given a high level of risk appraisal, a farmer might intend to adapt, but this does not necessarily lead to adaptation. Still, an evasive response can be adopted due to a farmer's low adaptive capacity, which relates to limited access to resources such as time, money, knowledge, entitlements, and social or institutional support. The farmer must assess which adaptation measures (known by him or her) are suitable but must also assess his or her ability to realize the known adaptation measures including the expected costs (Grothmann and Patt 2005) . Enjoying a larger network of persons to discuss agricultural innovations with as well as access to finance can enhance a farmer's adaptive capacity (Rogers 1995; DiFalco et al. 2011) . Therefore, we show that objective adaptive capacity serves as a direct determinant of adaptation. Cognitive biases also influence adaptation appraisal. Thus far, it is not yet fully understood which behavioral barriers or psychological factors play a role in the long-term planning inherent in adaptation to climate change. In contexts that involve coping, psychological factors have already been found to play a role in the decision-making process (McCrae and Costa 1987; Hooker et al. 1994) . More extraverted persons are expected to be more outgoing and to be more oriented towards problem solving according to McCrae and Costa (1987) . More extraverted persons are thus less likely to respond to a problem in an evasive way (Hooker et al. 1994) . Orderliness is a sub-trait of conscientiousness (IPIP 2019), which describes a person's ability to control his or her own behavior in a socially acceptable way (Roberts et al. 2009 ). Those with a lower level of orderliness tend to be more impulsive, disorderly, and non-conforming. They are expected to adapt more when strategies are related to uncommon or innovative approaches, as they do not feel bound to social norms or traditions. More orderly persons however follow the more traditional approaches known and realized by the majority.
Study area and data
The study area refers to Dodoma and Morogoro as its two focal regions (Fig. 2) , which together account for 70-80% of farming system types typically present in Tanzania (Graef et al. 2014) . The region of Dodoma belongs to the semiarid lands of Tanzania and is characterized by unimodal rainfall patterns with 550 mm of annual precipitation falling between December and April (URT 2015). The food system is dominated by sorghum, millet, and maize crops grown in combination with widespread livestock keeping (URT 2007; Mnenwa and Maliti 2010) . The Morogoro Region is semihumid with 800 mm of annual precipitation and a more diverse food system largely founded on maize, sorghum, legumes, rice, and horticultural products managed only partly in combination with livestock (URT 2007; URT 2015; Mnenwa and Maliti 2010) . The study sites were purposively selected, as they represent farming systems employed in the given regions: the Kilosa District in the region of Morogoro and the Chamwino District in the region of Dodoma. Sampling from the studied villages was aimed at creating comparable and simultaneously diverse conditions and was adopted based on various criteria, including the presence of varied degrees of market access (not every village includes a marketplace), similar climatic conditions by district, rain-fed cropping systems, livestock integration, and relatively similar village sizes (800-1500 households) (Graef et al. 2014) . The villages studied include Changarawe, Nyali, and Ilakala in Kilosa and Ilolo, Ndebwe, and Idifu in Chamwino. As part of the final sampling step, 150 households were randomly chosen from each of these villages based on household lists. Most of the sampled households focus on subsistence farming with some extra income generated by selling surplus products. Farm sizes range between 0.4 and 1.2 ha in Morogoro and between 0.8 and 2 ha in Dodoma. One-fourth of the sampled households are headed by women.
Baseline data were collected in 2014, and follow-up data were collected in 2016. 1 The reference period for each survey refers to the past year. Data cleaning was done prior to analysis and involved a review of missing or outlying observations. Socioeconomic information was collected at the household member level, i.e., age, education, and health status. All income sources beyond those related to agricultural production and livestock keeping were considered, e.g., income generated through self or off-farm wage employment, remittances, and public or natural resources. In addition to income, the endowment of all (non-)productive assets was assessed as a measure of resources available. To avoid potential endogeneity problems, the asset score was used following Morris et al. (2000) . 2 This wealth proxy serves as the reciprocal weighted score of assets by frequency per item in a village.
The questionnaire also included sections on barriers to production and perceptions regarding climatic changes. In the baseline survey, the questionnaire included detailed questions on perceived changes in (a) temperatures and (b) precipitation volumes and patterns for the last 20 years. When farmers identified a change, they were asked to report on major changes perceived regarding rainfall or temperature or both. The farmers were also asked about climatic shocks experienced over the last 5 years, related losses in income or assets, and additional expenses resulting from the shock. In the follow-up survey, farmers were asked about these perceived changes again with a focus on their adaptation strategies, but not in detail regarding their perceptions of climatic changes. Personality traits of the farmers were further considered from the personality markers of extraversion and orderliness (McCrae and Costa 1987) . Key questions used to capture the main facets of each marker were taken from the International Personality Item Pool (IPIP 2019).
Meteorological data for the Dodoma and Morogoro regions were provided by the Tanzanian Meteorological Agency (TMA). Records cover 1970 to 2010. For the Dodoma Region, we use weather station data collected from Dodoma (city), and for the Morogoro Region, data from a station located in Morogoro (city) are used.
Methodology
Based on our conceptual framework, we address our research questions using different methodologies. Research question 1 on farmers' perceptions of climatic changes is addressed through a descriptive analysis of the baseline household survey data, as the questionnaire included questions on perceived climatic changes in more detail than the follow-up questionnaire. Daily weather records collected from TMA weather stations were then used to answer the second question regarding whether farmers' perceptions are in line with climate observations. Daily records are used to build aggregated indications for temperature change and changes in precipitation patterns for the studied regions. Average monthly precipitation and temperature data are derived by region and are used to understand variability in precipitation and temperature levels observed within a given year and over time. The Mann-Kendall (MK) test is a non-parametric test applied specifically to time series data. It can detect a monotonic upward or downward trend in minimum and maximum temperatures over time (Mann 1945; Kendall 1975) . The underlying null hypothesis is that no monotonic trend is present. The Shapiro-Wilk normality test is applied to ensure valid MK test results.
To identify factors associated with the adoption of strategies in response to perceived climatic changes (question 3), a logistic regression is applied. The results are based on data drawn from the follow-up questionnaire, as they provide more detailed information on adaptation measures used than the baseline. A binary regression approach is employed given the dichotomous nature of dependent variable y = "adaptation" (D'Souza et al. 1993; Cameron and Trivedi 2009) indicating whether adaptation has taken place (y = 1) with a probability of p or whether no adaptation has taken place (y = 0) with a probability of 1-p.
Y ¼ 1 with a probability of p 0 with a probability of 1−p ð1Þ
The odds of adaptation are defined as the ratio of the probability of adaptation over the probability of no adaptation occurring. The wide definition of adaptation includes any strategy applied to agricultural activities in response to perceived climatic changes based on the farmers' reports (n = 599 households). It considers adjustments made to agricultural activities (Table 1) : (a) short-term strategies such as crop portfolio adjustments, which can vary by season or year; and (b) long-term strategies such as those involving irrigation-related investment, terracing, and tree planting. The group of non-adopters includes all farmers who have not applied adaptation measures at all (n = 195) despite perceiving climatic changes over the last 20 years. The conservative definition of adaptation to perceived climatic changes only covers these long-term investment-intensive strategies, which cannot be changed within a few years. Therefore, adaptation has taken place if farmers reported to have either planted trees, built terraces, or have invested in irrigation technique. The group of non-adopters includes all farmers who have not applied or have only applied short-term adaptation measures (n = 736) despite perceiving climatic changes over the last 20 years. The distinction is made to distinguish between different levels of adaptation, as investment-intensive long-term strategies may be riskier for the farmer and decisions made might depend on determinants other than those applying to most adjustments. Only 3% of those sampled had not perceived any climatic changes and were excluded from the analysis. Based on the framework developed by Grothmann and Patt (2005) and a review of related literature, the analysis of determinants of adaptation considers the following explanatory variables. It covers control variables on socioeconomic characteristics of the household head (Head Char), household characteristics (HH Char), and the regional fixed effect (FE). A farmer's personal experiences with climatic shocks are represented as the monetary loss incurred over the last 5 years due to droughts or flooding. The adaptive capacity is represented by the education level, by access to microcredit, by the asset score, and by the network variable. To cover the effect of cognitive bias, the list also includes personality-related variables, i.e., levels of extraversion and orderliness. Key statements "I feel comfortable around people" and "I like order" were used in the interviews (IPIP 2019). Descriptive statistics and a more detailed description of these variables are provided in the supplementary materials (A1, A2).
The model used to analyze the influencing factors is given by:
with the variables being defined as illustrated above. A likelihood ratio chi-square (LR chi 2 ) test is used as a global significance test of the parameters. McFadden's pseudo R-squared is provided as an indicator of the overall goodness-of-fit of the regression model. For different specifications of the same model, please see the supplementary materials (A3, A4). For higher pseudo R 2 and LR chi 2 test statistics, the 15-variable model fits the data better than the 5-and 10-variable models and its results are therefore used for our discussion. Although 57 farmers included in the sample are younger than 30 years of age, the results do not change substantially when using a reduced sample (with the age of the head of household being at least 30) for the regression (A5).
An overview of mean values obtained for (a) adapters defined based on the wide definition and (b) adapters defined based on the conservative definition and farmers who had not responded at all despite perceiving changes reveals initial differences between the groups (A2). These differences are visible across socioeconomic characteristics such as gender, age, and education level and in terms of assets such as livestock ownership, asset scores, and access to microcredit and land. Personality-related factors also vary by group. To test for statistically significant differences between the groups, the two-sided Mann-Whitney test or the Pearson chi-square test in the case of binary variables is applied (Mann and Whitney 1947; Cameron and Trivedi 2009) .
Results and discussion
Results are presented and discussed in a consecutive manner following the research questions, i.e., closing each result sub-section with a discussion of corresponding findings. First, perceptions reported by the sampled farmers regarding rainfall and temperature are shown overall and by region. Farmers also reported in which ways they had been affected by the perceived changes, i.e., in their agricultural activities and general lives. The second collection of results provides an overview of aggregated indicators determined based on climatic observations drawn from historical data for the two study regions. Farmers' perceptions are not always in line with climatic observations based on these findings. A discussion of possible causes of this deviation concludes this sub-section. The third group of results provides an overview of how many farmers had adapted based on perceived climatic changes and of how they had adapted by making adjustments to agricultural activities. Finally, factors contributing to adaptation are presented and discussed.
Perceptions of climatic changes occurring over the past 20 years
Almost all farmers included in the sample had perceived climatic changes in some form over the last 20 years (97%). With regard to precipitation, more than half of the farmers reported experiencing lower annual precipitation volumes (46%) or fewer rainy days (14%) in total over the year (Table 2 ). Approximately 15.8% of the farmers stated that the rainy season had grown shorter. Approximately 10% of the farmers reported a change in early rainy season patterns.
Major changes with regard to temperature were also perceived by the farmers (Table 3) . Most of the farmers had perceived more extreme temperatures (38%), more heat days (26%), and hotter summers (22%).
In both regions, many farmers report being affected by more crop failures (53%) and by lower yields (60%). More frequent flooding was reported by half of the households in semihumid Morogoro, whereas only 7 farmers in Dodoma reported being affected in this way. Approximately 54% of farmers in the Dodoma Region felt affected by more frequent drought events whereas in Morogoro, the share is only 13%. Very few farmers described not being affected by climatic changes in their agricultural activities, which is not surprising given the sample mainly includes subsistence farmers. A detailed overview of the farmers' answers regarding how they had been affected by perceived changes is presented in the supplementary materials (A6).
In this study, many farmers felt that they had been affected by lower yields, as this was very often mentioned in both regions. Reductions in farm yields in past years could have been caused by various conditions with climatic variability being one of them, causing only a share Source: Baseline Household Survey. Answers to question "What is the major change with regard to rainfall?" of yield reductions (Ray et al. 2015) . Since agricultural yields are highly dependent on precipitation patterns, farmers often blame an unfavorably changing climate for their decreasing yields. Other important reasons include increases in population, which increase water demands and which diminish inputs available to maintain fertile soils (Osbahr et al. 2011) .
Evidence for climatic changes observed in the studied regions
The following indicators for temperature changes occurring over time and for changes in precipitation levels and rainfall patterns are introduced here for the two studied regions: the semiarid Dodoma Region (Fig. 3 ) and the semihumid Morogoro Region (Fig. 4) .
Records on average maximum temperatures in the Dodoma Region show monthly patterns for 1970 to 1990 relative to the average value from 1991 to 2010 (Fig. 3a) , illustrating that relative to the 1970-1990 period, every month is becoming slightly hotter on average (except in the case of July). The graph on annual average temperatures measured for the entire time period confirms this trend of an increase in overall temperatures from 1970 (Fig. 3c ). The Mann-Kendall test results are significant and indicate that a monotonic trend is present (Gocic and Trajkovic 2013) . A decline in annual precipitation is not clearly visible, as patterns observed over the studied months do not appear to clearly differ in terms of average precipitation volumes ( Fig. 3a-d) . The distribution of rainfall, however, undergoes a change (Fig. 3b ). 3 Days without precipitation were more frequent from 1990 to 2010 than from 1970 to 1990 while the amount of rain falling during each rain event was higher in the later period than in the earlier period (with heavy precipitation events being more frequent). Moreover, the onset of the rainy season is similar in both periods while cessation occurs slightly earlier in the second period. A short dry spell occurring in February disappears in the second period, indicating an increase in the frequency of rain events with unusually high rainfall levels without changing overall precipitation volumes per year.
3 Figures 3b and 4b show distributions of precipitation amounts per day for the two historical periods. If the blue line had been in line with the dark gray-dashed line, low precipitation events would have been as likely as heavy precipitation. As the blue lines follow a concave curve, lower precipitation amounts (0-40 mm per day) are more often than daily precipitation amounts above 40 mm. For Dodoma (Fig. 3b) , the curve for 1991-2010 (light blue) indicates that heavy precipitation events have grown more frequent relative to 1970-1990 (dark blue curve). Temperature records for the Morogoro Region show a similar monotonic trend of increases in annual average temperatures. Figure 4a shows patterns of average monthly maximum temperatures for 1970 to 1990 relative to those for 1991-2010. The figure shows that compared with the first time period, every month is becoming slightly hotter in the Morogoro Region on average. For precipitation, the trend is less clear for both levels of precipitation and its distribution (Fig. 4a, b, d) . The rainy season starts slightly later and cessation occurs slightly sooner. Moreover, a short dry spell in February disappears in the second period (as observed for Dodoma) while peak precipitation levels in March increase slightly. The days without precipitation become more frequent in Morogoro over time (Fig. 4e ), but a change in precipitation intensity is not clearly visible (Fig. 4b ). Some plots shown in Figs. 3c-e and 4c-e present extreme values.
Overall, the climate data confirm a change in the precipitation distribution, which only some farmers mentioned. A change in the total annual precipitation volume reported by the majority of farmers could not be confirmed from the given climatic observations. Thus, there are progressively more days without precipitation throughout the year, and there are longer dry seasons alongside days with stronger precipitation than usual.
According a study by Thomas et al. (2007) , the results of village and household level analyses demonstrate that trends and variability in precipitation were clearly recognized by those living in the areas in which such changes had occurred. Fig. 3 Climate indicators for the Dodoma Region. Temperature (red) and precipitation (blue) seasonality for two climate periods (a), cumulative distribution of precipitation events for two climate periods (b), annual viability and trend of average temperature (c), annual precipitation (d), and dry spells (no precipitation) longer than 10 days in the rainy season (e). Data source: TMA The differences in the farmers' perceptions of climatic changes and observed climate data can be attributed to a number of factors. First, the amount and distribution of precipitation required by farmers for optimal production can differ from meteorological definitions of "normal" rainfall or the statistical mean (Osbahr et al. 2011 ). An in-depth analysis of farmers' perceptions of precipitation patterns including drought events was also done on the Kondoa District in Tanzania by Slegers (2008) . Most farmers reported that levels of precipitation variability had increased over the past 10 to 20 years while some related this trend to deforestation. Slegers' results show that farmers understand the term "drought" based on a broader perspective than insufficient precipitation, thus using the term to refer to less severe situations. Past seasons involving partial or full crop failures due to an unfavorable precipitation/sunshine balance are often referred to as drought years. Higher average temperatures also affect levels of precipitation. A higher temperature increases evapotranspiration levels and leads to increased plant water demands. Moreover, due to higher absolute humidity and lower relative humidity in the air resulting from higher temperatures, the likelihood of heavy precipitation events occurring with longer dry spells increases. This may lead to the farmers having perceptions of an overall decline in precipitation, although climate data do not confirm this (Osbahr et al. 2011) . Farmers are then still negatively impacted by water stress, i.e., reduced soil moisture during decisive growing phases (germinating or flowering periods). Fig. 4 Climate indicators for the Morogoro Region. Temperature (red) and precipitation (blue) seasonality for two climate periods (a), cumulative distribution of precipitation events for two climate periods (b), annual viability and trend of average temperature (c), annual precipitation (d), and dry spells (no precipitation) longer than 10 days in the rainy season (e). Data source: TMA
Adaptation decisions and factors linked to adaptation
The intention is to show how farmers have adjusted their agricultural activities based on perceived climatic changes and to understand why farmers choose not to adapt despite their perceptions. The reported answers regarding agricultural activities are provided in Table 1 . The results show that despite perceiving climatic changes, roughly 23% of the sampled farmers had not adjusted their agricultural activities at all. The share is 31.9% (20%) when considering only woman (man)-headed households. Most farmers who have altered their agricultural activities have adjusted their crop portfolios to address changing conditions. Roughly one-third of them have chosen to grow more varieties or to start growing new crops, i.e., to diversify crops grown. This has involved the introduction of short-term and drought-resistant varieties of crops to account for a shorter rainy season and less predictable precipitation. Another response has involved refraining from growing certain crops or cultivars that farmers find to no longer suitable for the given climatic conditions. Replanting was often mentioned by farmers from the Dodoma Region, where farmers feel more heavily affected by drought events. Replanting refers to the need to sow seeds again after the typical planting period. The first rains usually trigger farmers to sow seeds. When this rain stops unexpectedly, due to insufficient moisture in the soil, germination can be poor as a result of changed rainfall patterns. A higher use of inputs such as fertilizer and pesticides is employed by only few of the farmers. Approximately 3% of the farmers have coped with climatic conditions in a very fatalistic manner by eating less or by using forest resources more often to support their households throughout the seasons, but this approach could not protect against future damages in the case of a future climatic shock. Tree planting and building terraces have been employed by only roughly 3% of the farmers perceiving climatic changes. Few of the farmers have chosen to invest more in irrigationbased agriculture (e.g., dams and ponds). Kangalawe et al. (2017) also describe local adaptation strategies adopted in Western Tanzania, which has involved a shifting of the crop portfolio towards the use of more drought-and disease-tolerant crops or varieties and migration into more viable agriculturally areas. Sutcliffe et al. (2016) found for two regions of Malawi that perceptions of rainfall change are more pronounced in the dryer region. The perception that rainy seasons are shortening is not confirmed by historical rainfall data. Therefore, the authors question the appropriateness of using short-season cultivars in farms as an adaptation strategy. In our study, however, farmers' perceptions of more frequent droughts and shorter rainy seasons in the Dodoma Region were confirmed by historical rainfall data. Decisions to stop growing certain crops or cultivars can be related to preferences for certain food crops such as maize. In Tanzania, maize is the preferred food crop in both regions, but given the presence of unfavorable climatic conditions especially in semiarid Dodoma, farmers must rely on more drought-resistant crops such as millet and sorghum. Paavola (2008) describes crop combination changes as an adaptation measure used in the semihumid Morogoro Region, where farmers have reduced the area of cultivation for maize in dry years and have planted sorghum or millet in its place.
The adjustment of planting times and "replanting" is also related to changed rainfall patterns and may support household subsistence as an immediate coping strategy. Lema and Majule (2009) also found that farmers sow again after rains resume, imposing more production costs on the farmer and reflecting a short-rather than long-term adaptation strategy. Tadross et al. (2009) analyzed aspects of intraseasonal precipitation variability based on indices related to maize cropping in southeastern Africa, i.e., in Zambia, Malawi, Mozambique, and Zimbabwe. The results derived from climate data suggest that rainfall seasons have shortened since 1960. As maize cultivars used in this area usually require 130 days to grow before being harvested, shorter periods of consistent rainfall have already reached the minimum critical threshold for maize cultivation and thus reduced potential crop yields. Planting trees and building terraces can help conserve soil fertility and thus stabilize crop yields (Touch et al. 2016) .
All strategies reported for this sample are considered means of adaptation, as farmers consider them useful in the short or long term. This depends on the farmers' risk appraisal and on his or her degree of adaptive capacity. This raises the question of whether farmers would adapt in a different way if they had more knowledge or assets for adopting long-term investment-intensive strategies or whether farmers do not recognize the need for adaptation, as their experiences with climatic shocks are infrequent or unrelated to monetary losses (low risk appraisal). Most adopted agricultural strategies do not require the farmer to invest in the long term and leave him or her with the opportunity to change the adopted strategy every year to cope with negative climate change effects accordingly. Only roughly 10% of the reacting farmers had responded in a way that involved some form of long-term planning and investment (conservative definition), but that could prevent their family from experiencing future damages due to climatic change. Among the group of long-term adapters studied, only 4.6% of households were identified as headed by women.
To identify factors associated with farmers' adaptation decisions (Tables 4 and 5) , a logistic regression approach is applied. The regression results given in Table 4 relate to determinants of adaptation according to the wide definition, which include all adaptation strategies employed in the farmers' agricultural activities; the results shown in Table 5 are based on the conservative definition, considering long-term strategies as adaptation, which only a small share of farmers reported as realized strategies. The likelihood functions of the logistic regressions are significant overall (LR chi 2 = 93.74 and LR chi 2 = 71.98; with p = < 0.001), proving their explanatory power. The diversity of adaptation measures referenced by the wide definition of adaptation (pseudo R 2 = 0.107) may be a cause of the lower pseudo R 2 value observed relative to that of the conservative definition (pseudo R 2 = 0.181), as every measure comes with its own influencing factors.
An important factor shaping the decision regarding whether to adapt relates to recently experiencing a climatic shock such as a drought or flood that involves a monetary loss in terms of income or assets. According to the framework developed by Grothmann and Patt (2005) , the higher the experienced frequency or severity of a climate-related shock, the more likely a farmer is to respond in any form (risk appraisal). When the associated degree of loss is low or 0, a farmer may not be willing to adapt at all despite perceiving climatic changes. The results confirm this relationship. Rather, when the monetary loss due to a drought (flood) increases, then, the odds of adaptation occurring are 15% (19%) higher than those of no adaptation occurring. On one hand, this can lead a farmer to respond only over the short term or reactively, as he or she might not expect to experience considerable losses in the future. On the other hand, a farmer may experience a loss due to a climatic shock and intend to adapt, but he or she may lack the adaptive capacity, i.e., resources such as land, to respond in a way that protects his or her household from future damage (Grothmann and Patt 2005) . Larger landholdings are associated with a higher likelihood of adapting, i.e., the odds of adaptation are 14% higher. Access to more land area may enable a farm household to diversify its crop portfolio, which is a strategy often adopted by farmers in the wide definition. Diversified income sources beyond those related to agriculture and originating from wage or self- Standard errors in parentheses; *p < 0.10, **p < 0.05, ***p < 0.01; 1 clustered on village level. Adaptation strategies in response to perceived climatic changes related to agricultural activities employment activities present a higher odds ratio of adaptation according to the wide definition. Having one more family member per household who is actively engaged in offfarm wage employment doubles the household's odds of adaptation; in the case of selfemployment, the odds increase by 48%. Being a farmer in drought-prone Dodoma Region generally appears to increase the odds of adaptation; however, this effect vanishes when focusing at the conservative definition of adaptation. Findings show that the drivers for long-term adaptation differ, especially in terms of adaptive capacity. Not owning land, but access to credit represents the most important enabler for realizing an intended long-term investment-intensive strategy, as it more than doubles the odds of adaptation. A higher asset score, i.e., owning relatively more or higher value assets relative to other village inhabitants, increases the odds of long-term adaptation by 0.3%. As expected, female farmers are less likely to adapt, i.e., their odds of (long-term) adaptation are about 32% (66%) lower than the odds for their male counterparts. This can be related to a lower adaptive capacity (Below et al. 2012; Deressa et al. 2009 ). It appears that networks are not important for the adoption of wellknown or common strategies such as adjustments to crop portfolios. However, they seem to play a role for the adopters of long-term strategies, as the odds of adaptation increase by 6% when a farmer discusses new or uncommon agricultural practices with more people and thus increases the own adaptive capacity. They are in turn more likely to feel that they can influence their well-being in the future, whereas late or non-adopters continue to adopt common practices and to have rather fatalistic views of the future (Rogers 1995). The framework developed by Grothmann and Patt (2005) also suggests that adaptation decisions are influenced by the farmer's personality. Findings based on the wide definition of adaptation confirm that a more extraverted farmer appears to be more likely to adopt agricultural activities in response to climate change, as the odds of adaptation increase by 17% in the case. The results further indicate that a higher degree of orderliness is negatively associated with the adoption of a long-term and uncommon strategy. This is not surprising given that orderlier persons conventionally tend to be more attached to norms and traditions and therefore to be less open to changes or innovation (Roberts et al. 2009; Rogers 1995) .
Summary and conclusion
One of the objectives of this study was to describe the perceptions of smallholder farmers in rural Tanzania with respect to changes in temperature and precipitation over the last 20 years and to compare these perceptions with observations drawn from historic climate data. Almost all farmers included in the sample had perceived some form of change. The majority reported an increase in annual temperatures or more extreme temperatures relative to those perceived 20 years ago. The average annual precipitation volume had decreased over time according to most of the farmers. Fewer reported a change in rainfall patterns. Observations drawn from historic precipitation data do not confirm a reduction in the annual precipitation volume over time but do indicate a change in rainfall patterns. For both regions, observations suggest an increase in days per year without precipitation over time. For the Dodoma Region, an increase in precipitation intensity could be observed, i.e., precipitation levels are unusually high when it rains. A significant increase in daily maximum and minimum temperatures over time was observed for both regions. The findings drawn from climatic data thus underscore farmers' perceptions of an increased frequency of climatic shocks such as droughts and floods. Farm households are therefore directly affected in their agricultural activities but also in their lives in general.
We must acknowledge that farmers generally tend to remember extreme weather events occurring in the recent past better than gradual, long-term climate trends. The often reported reductions in yields attributed to climatic changes can also be attributed to different conditions. Climatic variability usually causes only a share of reductions in yields, leaving out important forces such as increases in population or poor agricultural practices that are not always accounted for by farmers' perceptions. It may thus be valuable to extend analyses to multiple weather stations across Tanzania to increase the validity of existing climate observations and farmers' perceptions and to explore spatial variability. The shortest distance between study sites and meteorological stations required for study could then be identified for future research.
Another objective was to understand the link between perceptions and adaptation. The majority of farmers studied had chosen to adapt to perceived climatic changes and had adjusted their agricultural activities accordingly but had also sought new sources of income apart from those related to agriculture to become more resilient to future climatic shocks. Some farmers, however, had chosen to not respond at all despite perceiving climatic changes and despite being affected either directly or indirectly. Only 10% of the responding farmers had adopted investment-intensive and long-term strategies such as irrigation systems, which could prevent yield reductions from drought.
Factors influencing the decision to adapt were analyzed for a broad definition of adaptation and a narrower one, which focuses on long-term strategies. Our findings reveal that factors related to adaptive capacity such as having access to microcredit and an asset base are important in shaping the decision to adapt and the realization of rarely adopted long-term adaptation. Farmers' personalities and experiences however play equal roles in the decisionmaking process and should be considered for successful implementation of innovative or uncommon strategies for climate change adaptation. Experiencing a monetary loss over the past 5 years due to a climate-related shock such as a flood or drought seems to have a positive influence on the intention to adapt in general. A more extraverted farmer appears to be more likely to take action towards adaptation. A farmer who upholds traditions is less likely to adapt by making long-term investment-intensive changes through his activities when few farmers are already implementing such changes. To prevent future damages, farmers with larger networks are found to be more likely to adopt investment-intensive long-term strategies.
This study shows that climate change adaptation programs should not only focus on strengthening the farmers' adaptive capacities, but also consider local experiences with climate-related shocks. Future research should therefore extend research ambitions to personality-and experience-related factors, as such variables provide information about farmers' intentions to adapt and factors known to influence farmers' abilities to adapt to climatic change.
